1. Introduction
===============

Adolescence is a very important transition period to adulthood. Adolescents are emotionally unstable due to the rapid development of their bodies and the excessive pressures from society and education.^\[[@R1]\]^ Physical, emotional, and socially transitioning adolescents respond very sensitively to their surroundings, because their self-identity and self-consciousness are not fully established.^\[[@R2]\]^

Tobacco has been the most preventable cause of mortality and morbidity for decades.^\[[@R3]--[@R7]\]^ Although the risk of smoking is well known, adolescents continue to smoke. Approximately, 90% of adult smokers begun smoking before age of 18, each day in the United States, additional 2100 adolescents became daily smokers, and more than 3200 adolescents aged 18 years or younger became first smoker.^\[[@R8],[@R9]\]^

In 2016, the adolescent smoking rate in Korea was 6.3%, with more male students (9.6%) smoking than female students (2.7%). For 11 years, the smoking rate decreased by approximately 5% among boys and by 6% among girls.^\[[@R10]\]^ However, the current mean age of onset of smoking is 12.7 years, which is similar to that of the previous 11 years, suggesting that the youth smoking problem remains.^\[[@R11]\]^ In particular, smoking in adolescence increases the duration of smoking, as well as daily smoking consumption and nicotine dependence.^\[[@R12]\]^ The WHO suggests that smoking is one of the most dangerous behaviors that threaten human health.^\[[@R13]\]^ Smokers who start smoking in adolescence continue to smoke for approximately 16 to 20 years, and up to 50% will become heavy smokers.^\[[@R14]\]^

Studies on factors influencing adolescent smoking behavior were dominated by individual factors; however, some previous studies also reported on social environmental factors.^\[[@R15]\]^ Individual factors include expectations for smoking, sex, age, stress, allowance, and positive perception.^\[[@R16]--[@R22]\]^ Smoking is believed to be harmful to health, but individuals are more likely to smoke if they have a positive attitude toward smoking, such as believing in positive psychological stability achieved through smoking.^\[[@R16]\]^ Social environmental factors include school performance, stress, economic status, and friendships.^\[[@R18],[@R19],[@R21],[@R23]\]^ There is a tendency to smoke as a solution to escape from the stress of competitive and entrance-oriented competitive education programs.^\[[@R24],[@R25]\]^ The greater is the number of friends who smoke or suggest smoking, the greater is the influence on youth smoking.^\[[@R26]\]^ In addition to these research factors, it is noteworthy that family members are included as social environmental factors influencing youth smoking. Parents are the most meaningful environmental factor for their children, as children learn by mimicking their parents' behaviors, including smoking attitudes and behaviors.^\[[@R21]\]^

Although youth smoking is very significant topic, research in the area is limited. In particular, youth smoking studies are limited to certain schools and regions. Since adolescent smoking is a precursor to predicting adolescent health and juvenile delinquency,^\[[@R27]\]^ research on youth smoking needs to be expanded in various ways. In this study, we aimed to examine how number of nearby smokers influences adolescent smoking behavior using nationally representative online survey data of youth health behaviors in South Korea.

2. Methods
==========

2.1. Data and study population
------------------------------

We used data from Korea\'s representative Youth Risk Behavior Web-based Survey (KYRBS) database from 2014 and 2016. The study consisted of 205,631 students (from grades 7 to 12, aged 12--18 years) who were sampled randomly. Sampling for the KYRBS consisted of stratified randomization. The population consisted of stratified parameters, such as region and grade level. As for strata of variables, the number of sampled schools was distributed based on city, county, size of the city, and school type using a proportional allocation method to match population and sample compositions.^\[[@R28]\]^ In total, 198,814 students were used for the final analysis, excluding those who did not know the answers to or did not respond to the variables related to the study. The KYRBS was reviewed and approved by the institutional review board of the Korea Centers for Disease Control and Prevention (2014-06EXP-02-P-A).

2.2. Variables
--------------

The variables used in this study were those surveyed for 3 years at KYRBS, which were survey year, demographic characteristics, socioeconomic characteristics, health behaviors, and adolescent smoking status. The demographic characteristics examined were sex, age, and region. The socioeconomic characteristics were type of school, income level, academic performance, type of residence, part time job, and allowance in 1 week. The health behaviors examined were lifetime drinking, stress, and subjective health status.

Current smokers are classified as those who have smoked on more than 1 of the last 30 days, as is presented in the KYRBS guidelines. Nearby smoking was categorized as the presence of smoking among friends, fathers, mothers, siblings, grandparents, and others in the vicinity of the adolescents. KYRBS collection of these items began in 2014.

Among the variables related to demographic characteristics, sex was classified into men and women. Age was a continuous variable from 12 to 18 years.

Among the variables related to the socioeconomic characteristics, type of school was divided into "middle school," "high school," and "vocational high school" in the question "What is the economic status of the household?", economic status was defined as "upper" for individuals who answered "upper or upper-intermediate"; "intermediate" as "middle"; and "low-intermediate or low" as "low." For the question "During the last 12 months, what is your academic record?," academic performance was defined as "upper" if the individual answered "upper or upper-intermediate"; "intermediate" as "middle"; and "low-intermediate or low" as "low." Residence type was classified into "family"; "relation"; "board, live apart from family, dormitory"; and "nursery facilities." Students were classified as having or not having a part-time job. Finally, 1 week of allowance was categorized into \$50 units.

Among the variables related to health behavior, lifetime drinking was divided into "yes" and "no" through the item "Have you ever drunk more than one drink?" In the question "How often do you feel stress?," stress was defined as "a lot" for individuals who answered "lot or a lot"; "little" as "little"; and "a little or never" as "a little." In the question "What do you think about your health condition?," subjective health status was defined as "healthy" for individuals who answered "very healthy or healthy"; "normal" as "normal"; and "unhealthy or not very health" as "unhealthy."

2.3. Statistical analysis
-------------------------

This study was conducted using nationwide sample surveys and KYRBS results with stratified cluster extraction and weighting. First, we examined descriptive statistics on smoking behavior, demographic characteristics, socioeconomic characteristics, and health behavior of the participants. The present study examined the relationship between current smoking and surrounding smokers and performed cross-sectional analyses between demographic characteristics, socioeconomic characteristics, and health behavior to confirm differences among groups. Next, multivariate survey-logistic regression analysis was performed to determine the relationship between number of nearby smokers and adolescent smoking behavior, adjusted for demographic and socioeconomic characteristics, and health behaviors. In addition, subgroup analysis and combination group analysis were performed for each variable, and statistical significance was set at *P* \< .05. The proposed results produced reliable statistics that can represent the population by reflecting the weights. Percentages and confidence intervals were weighted by stratified exposures. All statistical analyses were performed using SAS statistical software, version 9.4 (SAS Institute Inc, Cary, NC).

3. Results
==========

Of the 198,814 individuals included in our analyses, 14,268 were current smokers (7.2%). Smokers are more likely to have 3 or more nearby smokers (none: 0.6%, 1 person: 5.5%, 2 persons: 13.8%, 3 persons or more: 22.3%). More current smokers were men than women (men: 11.1%, women: 3.1%). Vocational high school students (20.3%) and those living in a rural area (8.7%), having low academic performance (11.5%), or receiving a weekly allowance of more than \$100 (21.7%) had a higher frequency of smoking than the comparative group (Table [1](#T1){ref-type="table"}).

###### 

General characteristics of study sample by smoking status.
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To compare current smokers by number of nearby smokers, survey logistic regression analyses were performed after adjusting for sex, age, type of school, region, lifetime drinking, income, academic performance, type of residence, part time job, stress, health, and weekly and annual allowance. Subjects with more nearby smokers were at greater risk for adolescent smoking (1 person: OR, 5.090; ρ \< 0.001, 2 persons: OR, 8.405; ρ \< 0.001, 3 persons or more: OR, 12.039; ρ \< 0.001, none: ref) (Table [2](#T2){ref-type="table"}).

###### 

Results of multivariate survey-logistic regression: risk factors for smoking.
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To investigate the detailed reasons for nearby smokers and adolescent smoking behavior, we conducted subgroup analysis. Results showed that the risk of smoking increased as the number of nearby smokers increased in all subgroups. The risk for smoking changed more among women than men as the number of nearby smokers increased \[women: 1 person: OR, 6.375, 95% confidence interval (CI): 4.837--8.404; 2 persons: OR, 14.146, 95% CI: 10.706--18.693; 3 persons or more: OR, 22.800, 95% CI: 17.176--30.266; none: ref; VS male = 1 person: OR, 4.605, 95% CI: 3.992--5.312; 2 persons: OR, 6.996, 95% CI: 6.075--8.057; 3 persons or more: OR, 9.253, 95% CI: 7.929--10.798; none: ref\]. In addition, the risk for smoking varies with metropolitan living, low academic performance, low allowance, and being in middle school (Fig. [1](#F1){ref-type="fig"}).

![Results of subgroup analyses of number of nearby smokers on adolescent smoking rate. All adjusted by sex, age, region, type of school, economic status, academic performance, type of residence, part-time job, allowance in 1 week, lifetime drinking, stress, subjective health status, and year. ^∗^Statistically significant.](medi-97-e13125-g003){#F1}

In addition, changes in the risk of smoking were identified according to the composition of the nearby smoker characteristics. These results also show that the risk of smoking increases as the number of nearby smokers increases. In particular, smoking increased significantly in a group including friends (friends: OR, 8.662, 95% CI: 7.566--9.917; friends + brothers and sisters: OR, 17.170, 95% CI: 14.264--20.667; friends + others: OR, 9.290, 95% CI: 7.857--10.985; friends + parents: OR, 9.470, 95% CI: 8.321--10.778; friends + parents + brothers and sisters: OR, 17.915, 95% CI: 15.175--21.150; friends + brothers and sisters + others: OR, 10.689, 95% CI: 6.236--18.321; friends + parents + others: OR, 8.508, 95% CI: 7.154--10.119; friends + parents + brothers and sisters + others: OR, 18.159, 95% CI: 13.480--24.463); the risk of smoking decreased with a group of only parents (parents: OR, 0.795, 95% CI: 0.654--0.966) (Fig. [2](#F2){ref-type="fig"}).

![Odds ratios for adolescent smoking status according to the combination of multiple nearby smokers. All adjusted by sex, age, region, type of school, economic status, academic performance, type of residence, part-time job, allowance in 1 week, lifetime drinking, stress, subjective health status, and year. ^∗^Statistically significant disparity was shown. ^∗∗^Others = grandparents or other family.](medi-97-e13125-g004){#F2}

4. Discussion
=============

When smoking starts during adolescence, the total smoking period and smoking amount increase, more harmful substances of tobacco accumulate in the body, and nicotine dependence increases, making smoking cessation difficult.^\[[@R29]\]^ The greater is one\'s use of cigarettes at a young age, the higher is the risk of nicotine poisoning, and the greater is the likelihood of becoming a heavy smoker and experiencing premature death.^\[[@R30]\]^ In addition, it has been reported that the lower is the age at which one starts smoking, the more difficult it is to quit smoking, which has a negative impact on health and quality of life.^\[[@R31]\]^ As a result, the Korean government has implemented various regular education programs.^\[[@R32]\]^ In addition, they began designating youth facilities as areas that are completely nonsmoking in 2011 and are implementing environmental regulations, such as expanding nonsmoking areas to restaurants and public computer rooms by 2015.^\[[@R33]\]^ Despite this persistent effort, students are still easily able to obtain tobacco and are exposed to secondhand smoke,^\[[@R11]\]^ indicating that social environmental factors are not being adequately developed to prevent smoking in adolescents.

We found evidence that nearby smoking and youth smoking were significantly related to one another after adjusting various factors, and the greater is the number of nearby smokers, the higher is the adolescent smoking rate. Regarding individual factors, the results of this study did not vary with sex, age, stress, or amount of pocket money from previous researches.^\[[@R17]--[@R23]\]^ In addition, this study also confirmed previous researches that the social environmental factors were significantly associated with family, friends, siblings, and so on.^\[[@R18],[@R19],[@R21]\]^ However, this study analyzed various units and presented the results. More specifically, girls showed a greater change in their smoking behaviors in response to nearby smoking than did boys because girls tend to be more sensitive to social factors.^\[[@R34]\]^ In addition, there were differences in area, grade, pocket money, and school type, which are highly related to the socioeconomic environment.

In addition, this study is meaningful because it is the first study to divide the complex relationship of the adolescents' nearby smokers by various combination types. Overall, the greater was the number of nearby smokers, the more complicated combinations are, and the greater is the increase in adolescent smoking, with the friend factor being the most influential. As in many previous studies,^\[[@R19],[@R21],[@R26],[@R35],[@R36]\]^ adolescent smoking behavior was shown to be most affected by peers. In contrast, the risk for smoking was reduced when only the parents smoked, because parent attitudes toward smoking are more influential on adolescents than are parental smoking behaviors.^\[[@R37]\]^

In order to promote smoking prevention and smoking cessation in adolescents, it is necessary to consider not only individual efforts but also social environmental factors.^\[[@R22],[@R38]\]^ However, most adolescent smoking prevention programs have been conducted at the school level, and the scope of their activities is limited to in and around the school, so students have little opportunity to participate in community-based programs that consider the social and environmental aspects of smoking.^\[[@R39]\]^ Thus, interventions for adolescent smokers require subdivision of adolescent groups, because adolescents experience different influences from social environmental factors on smoking behaviors according to personal characteristics and would benefit from customized intervention.

Strengths of our study were that we minimized selection bias by using a representative sample of middle and high school students nationwide. In addition, our database comprised a sample size of 198,814 students. Finally, the KYRBS questionnaire used in our study demonstrated high consistency and reproducibility by showing a comparable trend of results annually. However, this study had some limitations. First, our study was a cross-sectional study; therefore, a temporal relationship cannot be established between adolescent smoking and number of nearby smokers. However, by applying various weights to the sample, we improved the representativeness and reliability, and smoking behavior was corrected through the significance test by year. Second, there are limitations to self-report questionnaire surveys. In Korea, knowing that women do not faithfully report their smoking in self-report questionnaires,^\[[@R40]\]^ the smoking rate of female adolescents might be higher than that of the surveyed adults. Therefore, the collection of urine, saliva, and blood concentrations of cotinine would be useful biomarkers associated with smoking. Third, the definition of current smoking varies from study to study. In this study, the definition of smoking was defined as smoking for \>1 of the last 30 days, per the KYRBS guidelines. Despite these limitations, this is a multidisciplinary study of the relationship between nearby smokers and adolescent smoking behavior, which is valuable as a basic data for solving the problem of adolescent smoking.

5. Conclusions
==============

Results of this study suggest that interventions in youth smoking behavior should consider not only individual factors, but also social environmental factors. In addition, it was confirmed that the effect varies according to individual social environment. We recommend that educators and policy makers take into account the social environmental factors surrounding youth when implementing smoking cessation education and programs in the future.
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